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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hot-dip 
galvanized steel sheet having excellent plating adhesion 
as well as excellent spot weldability, and to provide its 
manufacturing method. 

SOLUTION: In the hot-dip galvanized steel sheet: a hot- 
dip galvanizing layer is provided to at least one side of a 
steel sheet containing 1-20 mass ppm B and/or 0.010- 
0.050 mass% P and/or the total Al quantity X (g/m2) in 
the plating layer, Al quantity Y (g/m2) in an Fe-AI 
intermetallic compound existing in the interface between 
the plating and the steel sheet, and coating weight W 
(g/m2) satisfy inequalities Y/(X-0.0012W)<0.90 and 0.10 
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^-0.001 2W, respectively. The method for manufacturing the hot-dip galvanized steel sheet 
can also be provided. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a hot-dip galvanized steel sheet having 
excellent plating adhesion as well as excellent spot weldability, and to 
provide its manufacturing method. 

SOLUTION: In the hot-dip galvanized steel sheet; a hot-dip galvanizing layer 
is provided to at least one side of a steel sheet containing 1-20 mass ppm B 
and/or 0.010-0.050 mass% P and/or the total Al quantity X (g/m2) in the plating 
layer. Al quantity Y (g/m2) in an Fe-Al intermetallic compound existing in the 
interface between the plating and the steel sheet and coating weight W (g/m2) 
satisfy inequalities Y/(X-0.0012W)≤0.90 and 0.10«≤X-0.0012W, respectively. 
The method for manufacturing the hot-dip galvanized steel sheet can also be 
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* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use o£ this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] B ~ 1 - 20massppm and/or, P - 0.010 - 0.050mass% - hot-dip zinc-coated carbon steel sheet 
characterized by having a hot-dip-zincing layer at least on one side of the steel plate to contain. 
[Claim 2] Amount of aluminum: Y (g/m2) in the Fe-aluminimi intermetaUic compound which exists in 
the total amount of aluminumiX in the plating layer per plating adhesion unit area (g/m2), and the 
plating / steel plate interface per plating adhesion unit area at least at one side of a steel plate, and 
plating coating weight:W per plating adhesion unit area (g/m2) are the following formula (1). And (2) 
Hot-dip zinc-coated carbon steel sheet characterized by having the hot-dip-zincing layer to satisfy. 

account Y/(X-0.0012W) <=0.90 (1) 0.10 <=X-0.0012W (2) - [Claim 3] B - 1 - 20massppm 

and/or, P ~ 0.010 - 0.050mass% - at least on one side of the steel plate to contain The total amoxmt of 
aluminum in the plating layer per plating adhesion unit area : X (g/m2), amount [ in the Fe-alimiinum 
intermetalUc compound which exists in the plating / steel plate interface per plating adhesion unit area ] 
of aluminum: - Y (g/m2) and plating coating weight [ per plating adhesion unit area ]: - W (g/m2) - 
the following type (1) And (2) The hot-dip-zincing layer to satisfy The hot-dip zinc-coated carbon steel 
sheet characterized by having. 

account Y/(X-0.0012W) <=0.90 (1) 0.10 <=X-0.0012W (2) - [Claim 4] A steel plate is set to 

the manufacture approach of the hot-dip zinc-coated carbon steel sheet which galvanizes by pulling up 
after being immersed in a melting zinc plating bath, and it is plating bath bath temperature:Tb. (degree 
C) and invasion board temperature :Te to a plating bath (degree C) and aluminum concentration in a 
plating bath: NAl (mass%) is the following formula (3). - (5) The manufacture approach of the hot-dip 
zinc-coated carbon steel sheet characterized by giving hot dip zincing to a steel plate under the 
conditions to satisfy. 

account 0 <=Te-Tb <=50 (3)1000NAl+300 <^Tb <=1000NAl+350 ..(4) 0.12 

<=NA1 (5) - [Claim 5] B - 1 - 20massppm In the manufacture approach of the hot-dip zinc- 
coated carbon steel sheet which galvanizes by pulling up the steel plate to contain after being immersed 
in a melting zinc plating bath and/or, P - 0.010 - 0.050mass% - Plating-bath bath temperature: Tb 
(degree C) and invasion board temperature:Te to a plating bath (degree C) and aluminum concentration 
in a plating bath: NAl (mass%) is the following formula (3). The manufacture approach of the hot-dip 
zinc-coated carbon steel sheet characterized by giving hot dip zincing to a steel plate under the 
conditions with which are satisfied of - (5). 

Account 0 <=Te-Tb <=50 (3)1000NAl+300 <=Tb <=1000NAl+350 (4) 0.12 

<=NA1 (5) 



[Translation done.] 
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precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the hot-dip zinc-coated carbon steel sheet which was 
excellent in spot welding nature and plating adhesion especially, and its manufacture approach about the 
hot-dip zinc-coated carbon steel sheet used for automobiles. 
[0002] 

[Description of the Prior Art] The zinc system plating steel plate is put in practical use regardless of in 
and outside the country as a rust-proofing steel plate for automobiles for the outstanding sacrifice anti- 
corrosiveness. Especially, its manufacturing cost is cheap, and since a hot-dip zinc-coated carbon steel 
sheet and an alloying hot-dip zinc-coated carbon steel sheet have high corrosion resistance, the rust- 
proofing steel plate for current automobiles is in use [ a hot-dip zinc-coated carbon steel sheet ]. 
[0003] Spot welding nature is mentioned as one of the engine performance of the zinc system plating 
steel plate which poses a problem by the automobile production process. As everyone knows, the close 
relation to plating coating weight is weldable, and weldability improves by coating weight reduction. 
However, if you think that he will give plating coating weight required in order to secure corrosion 
resistance sufficient as a steel plate for automobiles, the spot welding nature of a galvanized steel sheet 
is inferior by the comparison with cold rolled sheet steel without plating etc. 

[0004] About the spot welding nature improvement of a zinc system plating steel plate, some proposals 
[ like ] shown below from the former are made. For example, in JP,63-230861,A, it is ZnO to the front 
face of a galvanized steel sheet. Much proposals which are going to improve spot welding nature by the 
technique of improving spot welding nature being indicated by giving the oxide fihn made into a 
subject, in addition giving an oxide skin to the surface of zinc system plating are indicated. 
[0005] Moreover, recently, they are the amount of metal Zn of a plating maximum surface, and 
aluminum 203. JP,10-330902,A which specified the amount, JP,2000-73183,A which specified the ratio 
of the amount of oxide films and the amount of Zn oxide fihns in an oxide film, and the amount of 
aluminum oxide films are indicated. However, the above-mentioned technique is mainly a technique for 
an alloying hot-dip zinc-coated carbon steel sheet. 

[0006] That is, a plating layer is [ the hot-dip zinc-coated carbon steel sheet (non-alloying hot-dip zinc- 
coated carbon steel sheet) with which a plating layer mainly consists of a pure zinc layer even if it is the 
same melting system galvanized steel sheet, and ] Zn-Fe. With the alloying hot-dip zinc-coated carbon 
steel sheet which consists of an intermetallic compound, the welding behavior at the time of the spot 
welding differs fimdamentally, and the problem that it is remarkably inferior compared with it of an 
alloying hot-dip zinc-coated carbon steel sheet has the weldabiUty of a hot-dip zinc-coated carbon steel 
sheet. 

[0007] About the relation between the spot welding nature of a hot-dip zinc-coated carbon steel sheet, 
and the description of a plating layer, if some relation between the amoimt of aluminum under plating 
and spot welding nature is reported, the spot welding nature of a hot-dip zinc-coated carbon steel sheet 
has the close relation to the amount of aluminum under plating and the amoimt of aluminiun increases, it 
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is reported that spot welding nature deteriorates. On the other hand, since the problem on the appearance 
quality of a hot-dip zinc-coated carbon steel sheet based on the dross adhesion which was a problem 
conventionally is being solved in recent years, instead of the alloying hot-dip zinc-coated carbon steel 
sheet which was the mainstream of the rust-proofing steel plate for automobiles conventionally, the 
opportunity as which a hot-dip zinc-coated carbon steel sheet (non-alloying hot-dip zinc-coated carbon 
steel sheet) is adopted as a rust-proofing steel plate for automobiles has grown. 
[0008] The hot-dip zinc-coated carbon steel sheet is advantageous also in manufacturing cost in order 
not to perform alloying processing, and the elongation of the need as a future rust-proofing steel plate 
for automobiles is expected. Therefore, it is anxious for the improvement of the spot welding nature of a 
hot-dip zinc-coated carbon steel sheet as a performance problem. As described above, it can be 
improved by reducing the amount of aluminum under plating by the spot welding nature of a hot-dip 
zinc-coated carbon steel sheet. 

[0009] However, originally, addition of aluminum of a under [ a plating bath ] is performed for 
reservation of plating adhesion, and reducing the amount of aluminum imder plating below to the 
predetermined level may cause degradation of plating adhesion. That is, when a Fe-aluminum 
intermetallic compoimd exists, generation of a Fe-Zn alloy layer is controlled, good plating adhesion is 
secured, but if aluminum concentration in a plating layer falls so that generation of a Fe-aluminum 
intermetallic compound is inadequate, a Fe-Zn alloying reaction will advance and plating adhesion will 
deteriorate. 

[0010] Therefore, in the hot-dip zinc-coated carbon steel sheet, the improvement of spot welding nature 
and reservation of plating adhesion were technical problems which carry out phase conflict, and were 
technically difficult to improve spot welding nature, where plating adhesion is maintained good 
conventionally. 
[0011] 

[Problem(s) to be Solved by the Invention] This invention solves the trouble of the above mentioned 
conventional technique, and aims at offering the hot-dip zinc-coated carbon steel sheet excellent in both 
spot welding nature and plating adhesion, and its manufacture approach. 
[0012] 

[Means for Solving the Problem] this invention persons are the following knowledge (1), as a result of 
considering wholeheartedly the spot welding nature improvement of the above mentioned hot-dip zinc- 
coated carbon steel sheet. (2) (3) It resulted in a header and this invention. 

(1) In the case of hot dip zincing It is 1 - 20massppm to a steel plate. Continuation RBI nature can be 
remarkably raised by adding B or adding P of 0.010 - O.OSOmass %. 

[0013] (2) total amount [ in the plating layer per plating adhesion unit area ] of aluminum: - amount [ in 
the Fe-aluminum intermetallic compound which exists in X, and the plating / steel plate interface per 
plating adhesion unit area ] of aluminum: - Y and plating coating weight [ per plating adhesion unit 
area ]: - by specifying relation with W, where good plating adhesion is secxured, spot welding nature is 
improvable. 

[0014] (3) The above-mentioned hot-dip zinc-coated carbon steel sheet is plating bath bath 
temperature:Tb. And invasion board temperature to a plating bath: Te aluminum concentration in a 
plating bath: It is possible to manufacture by specifying relation with NAl. That is, the 1st invention is 1 
- 20massppm about B. And/or, it is the hot-dip zinc-coated carbon steel sheet characterized by having a 
hot-dip-zincing layer at least on one side of the steel plate to carry out 0.010 -O.OSOmass % content 
about P. 

[0015] The 2nd invention at least on one side of a steel plate Moreover, the total amount of aluminum:X 
in the plating layer per plating adhesion unit area (g/m2), The amount of aluminum in the Fe-aluminum 
intermetallic compound which exists in the plating / steel plate interface per plating adhesion unit area : 
Y (g/m2), And plating coating weight per plating adhesion unit area: W (g/m2) is the following formula 
(1). And (2) It is the hot-dip zinc-coated carbon steel sheet characterized by having the hot-dip-zincing 
layer to satisfy. 

[0016] Y/(X-0.0012W) <=0.90 (1) 0.10 <=X.0.0012W (2) The 3rd invention is 1 - 
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20massppm about B again. P 0.010 -O.OSOmass % content and/or, at least on one side of the steel plate 
to carry out The total amount of aluminum in the plating layer per plating adhesion unit area : X (g/m2). 
The amount of aluminum in the Fe-aluminum intermetalUc compound which exists in the plating / steel 
plate interface per plating adhesion unit area : Y (g/m2), And plating coating weight per plating 
adhesion unit area: W (g/m2) is the following formula (1). And (2) It is the hot-dip zinc-coated carbon 
steel sheet characterized by having ************** to satisfy. 

[0017] Y/(X-0.0012W) <=0.90 (1) 0.10 <=X-0.0012W (2) In the manufacture approach of 

the hot-dip zinc-coated carbon steel sheet which galvanizes again by the 4th invention pulling up a steel 
plate after being inmiersed in a melting zinc plating bath Plating-bath bath temperature: Tb (degree C) 
and invasion board temperature :Te to a plating bath (degree C) and aluminum concentration in a plating 
bath: NAl (mass%) is the following formula (3). - (5) It is the manufacture approach of the hot-dip zinc- 
coated carbon steel sheet characterized by giving hot dip zincing to a steel plate under the conditions 
with which are satisfied of all. 
[0018] 

0 <=Te-Tb <=50 (3) lOOONAl+300 <=Tb <=1000NAl+350 .... (4) 0.12 

<=NA1 (5) The 5th invention is 1 - 20massppm about B again. P 0.010 -O.OSOmass % 

content And/or, after immersing the steel plate to carry out in a melting zinc plating bath, It sets to the 
manufacture approach of the hot-dip zinc-coated carbon steel sheet which galvanizes by pulling up, and 
is plating bath bath temperature:Tb. (degree C), Invasion board temperature to a plating bath: Te (degree 
C) and aluminum concentration in a plating bath: NAl (mass%) is the following formula (3). - (5) It is 
the manufacture approach of the hot-dip zinc-coated carbon steel sheet characterized by giving hot dip 
zincing to a steel plate under the conditions with which are satisfied of all. 
[0019] 

0 <=Te-Tb <=50 (3)1000NAl+300 <=Tb <=1000NAH-350 (4) 0.12 <=NA1 

(5) [0020] 

[Embodiment of the Invention] Hereafter, this invention is fiuther explained to a detail, this invention 
persons resulted the following knowledge in a header and this invention, as a result of examining 
wholeheartedly a technical problem which is called the improvement in the spot welding natxire of a hot- 
dip zinc-coated carbon steel sheet (: GI, a non-alloying hot-dip zinc-coated carbon steel sheet), and 
reservation of plating adhesion and which carries out phase conflict, in order to solve said technical 
problem. 

[0021] That is, it is a characteristic phenomenon at the time of the spot welding of a hot-dip zinc-coated 
carbon steel sheet. The galvanization layer which dissolved with energization heating is an electrode and 
melting Zn-Cu. An alloy is generated, this mfiltrates into the ferrite gram boundary of a base material, 
and it happens to become easy to weld an electrode with a steel plate. Furthermore, it is this 
phenomenon, A part of electrode tip adheres to a steel plate side, The resuU that electrode consumption 
becomes intense is invited. 

[0022] The above-mentioned phenomenon, It is notably discovered to a hot-dip zinc-coated carbon steel 
sheet made from the super-low carbon steel plate developed in order to realize good workability 
especially. Above, Phenomenon m which it is thought that it originates in a kind of liquid metal 
brittleness. Since it is influenced by the cleanliness of a material grain boundary, the cleanliness of a 
grain boundary is considered that the way of a higher low-carbon steel plate becomes disadvantageous 
according to there being more little carbon which is a grain-boundary-segregation element. 
[0023] In this invention, when various examination was carried out about the approach for controlling 
the above-mentioned phenomenon of degrading continuation RBI nature, it became clear that an 
improvement of weldability without degradation of the workability of a material was realized by making 
a steel plate contain the grain-boundary-segregation element of the specified quantity. That is, it is 1 - 
20massppm into steel. By making P of B and/or 0.010 - O.OSOmass % contain, the fall of the 
continuation RBI nature resulting from liquid metal brittleness was controlled, and it became clear that 
the continuation RBI nature of a hot-dip zinc-coated carbon steel sheet improves remarkably. B made to 
contain is Imassppm. It is because the following of the continuation RBI nature improvement effect is 
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inadequate, and they are 20massppm(s). It is because this effectiveness is saturated with **, so it 
becomes disadvantageous in cost. Moreover, it is because under O.OlOmass(es) % of a continuation RBI 
nature improvement effect is [ P made to contain ] inadequate, and is because it becomes difficult this 
effectiveness is not only to saturate with 0.050mass(es) % **, but to secure sufficient workability of a 
material 

[0024] In addition, what contains Nb:0.0001 - 0.05mass% Ti:0.0001 - 0.10mass% C:0.0010 - 
0.0050mass% as a material steel plate Si:0.005 - O.OSOmass %, MnrO.Ol-l.Omass %, and aluminum:0.02 
- 0.05mass% in addition to Above B and P, and consists of remainder iron and an unescapable impurity 
is desirable. The reason is as follows. 

C: Mainly target the panels of an automobile for a 0.001 0-0.0050mass% this invention article. Good 
workability and the deep drawability which can also process a complicated configuration especially are 
demanded of the panel of an automobile as everyone knows in recent years. In order to secure such 
workability, as for the amount of C, it is desirable to make it less than [ 0.0050mass% ]. Moreover, 
although a minimum is determined by the relation between this effectiveness and cost, it is desirable to 
carry out to more than 0.0010mass%. 

[0025] Si: As for 0.005 - 0.050mass %Si, it is desirable for there to be an inclination for plating nature to 
deteriorate, when O.OSOmass % is exceeded, and to carry out to below O.OSOmass %, Moreover, although 
a minimum is determined by the relation between this effectiveness and cost, it is desirable to carry out 
to more than 0.005 mass%. 

Mn: As for 0.01 - l.Omass %Mn, it is desirable to consider as less than [ 1.0 mass% ] fi-om the fall of an 
r value and a corrosion resistance viewpoint. Moreover, although a minimimi is determined by the 
relation between this effectiveness and cost, it is desirable to carry out to more than 0.01mass%. 
[0026] aluminum: 0.02-0.05mass%aluminum has the desirable addition beyond 0.02mass% as a 
deoxidizer. Moreover, since inclusion will increase if many [ too ], considering as less than 
[ 0.05mass% ] is desirable. 

N whose Ti:0.0001-0.10mass%Ti is the deleterious material in steel ~ TiN ****** - in order to make it 
fix - more than 0.0001mass% ~ adding is desirable. Moreover, it is TiC if many [ too ]. Since it 
increases and workability is degraded, considering as less than [ 0.10mass% ] is desirable. 
[0027] Nb:0.0001-0.05mass%Nb - NbC ****** - in order to control hot-rolling crystal grain during 
hot-rolling and to make C fix - more than 0.0001mass% - adding is desirable. Moreover, if it adds too 
much, in order to reduce an r value as a detailed sludge, considering as less than [ 0.05mass% ] is 
desirable. It became clear that continuation RBI nature furthermore differed remarkably by this 
invention if the descriptions of a plating layer differ even if a material steel plate is the same. Namely, it 
is melting Zn-Cu to a steel plate grain boundary at the time of the spot welding of a hot-dip zinc-coated 
carbon steel sheet. It became clear to discover the phenomenon of permeating, so notably that aluminum 
concentration in melting zinc be high, aluminum concentration in this case means the concentration of 
aluminum which is dissolving in melting zinc. 

[0028] Moreover, the bad influence to above-mentioned spot welding nature is not the total amount of 
aluminum in a plating layer but Fe-aluminum generated by plating / steel plate interface at the time of 
plating. Being influenced by the amoimt of intermetallic compoxmds became clear. That is, it is Fe- 
aluminum even if the amount of aluminum in a plating layer is the same plating. The plating with many 
amounts of intermetallic compounds is Fe-aluminum to the inside of melting zinc, when a galvanization 
layer dissolves and temperature rises more than the plating bath temperature at the time of hot-dip- 
zincing processing at the time of welding. In order tiiat the saturation solubility of an intermetallic 
compound may go up, it begins to melt into melting zinc, and it becomes disadvantageous in order to 
raise aluminum concentration in the melting zinc which has a bad influence on weldability as a result, 
[0029] On the other hand, if the amount of generation of a Fe-aluminum intermetallic compound 
decreases, the problem that plating adhesion deteriorates will arise. As a result of examining many 
things that the above-mentioned problem should be solved, when there were many amounts of 
aluminum in which the amount of generation of a Fe-aluminum intermetallic compound is incorporated 
in a plating layer at least as a result among this invention persons, they came to acquire the important 
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knowledge that good plating adhesion is securable. 

[0030] Drawing of longitudinal section shows the layer structure of the hot-dip-zincing layer at the time 
of hot dip zincing to drawing 1 . in addition, drawing 1 - setting - 1 - m a plating layer and 2, a base 
steel plate (: material steel plate) and 5 show a hot-dip zinc-coated carbon steel sheet, and, as for a Fe- 
aluminum intermetallic compound (:Fe-aluminum alloy layer) and 3, 6 shows a Fe-Zn intermetallic 
compound (:Fe-Zn alloy layer), as for a zinc layer (eta phase) and 4. 

[0031] Usually, in hot dip zincing, when aluminum concentration under melting zinc plating bath is 
high, alloying hardly advances in the bath at the time of plating, but it is drawing 1 (a). The plating layer 
1 consists of about two layers, the Fe-aluminum intermetalUc compound (:Fe-aluminum alloy layer) 2 
generated to plating / steel plate interface, and a zinc layer (eta phase) 3, so that it may be shown. On the 
other hand, in the plating conditions of this invention which carries out a postscript, even if it is the 
plating bath of high aluminum concentration, a Zn-Fe alloying reaction advances. 
[0032] If aluminum concentration in the base steel plate 4 and the melting zinc which reacts is high 
when a Zn-Fe alloying reaction m the above-mentioned plating bath advances, it is drawing 1 (b). 
alxmiinum is incorporated inside the Zn-Fe alloy layer 6, and aluminum concentration of the whole 
plating layer comes to increase so that it may be shown. The cause by which plating adhesion 
deteriorates when there are few amounts of the Fe-alimiinum intermetallic compound generated at the 
time of hot dip zincing is Zn-Fe generated in a plating bath. It is gamma phase and ganmia 1 to the 
interface of an alloy layer and a steel plate. It is for a phase to generate. 
[0033] However, the Zn-Fe alloy layer generated in a plating bath when it is the conditions that 
aluminum concentration in a plating bath is sufficiently high contains sufficient quantity of aluminum, 
and is gamma phase and gamma 1. Generation of a phase is controlled and plating adhesion good as a 
result can be secured now. Moreover, since there are few amoimts of generation of the Fe-aluminum 
intermetalUc compound which it actually remelts [ intermetallic compound ] at the time of welding, and 
raises aluminum concentration in melting zinc even if the hot-dip zinc-coated carbon steel sheet of this 
invention which carries out a postscript contains a lot of aluminum in a metaphor plating layer, good 
spot welding nature is securable. 

[0034] This invention offers the hot-dip zinc-coated carbon steel sheet excellent in both spot welding 
nature and plating adhesion, and its manufacture approach based on the above-mentioned principle 
which this invention persons foimd out. Namely, the hot-dip zinc-coated carbon steel sheet of this 
invention is related with the description of a plating layer, and is the following formula (1). And (2) It is 
the hot-dip zinc-coated carbon steel sheet excellent in both spot welding nature to satisfy and plating 
adhesion. 

[0035] Y/(X-0.0012W) <=0.90 (1) 0.10 <=X-0.0012W (2) In addition, it is the above- 
mentioned formula (1). (2) It sets. X: The amount W of aluminum in the Fe-aluminum intermetallic 
compound which exists in plating / steel-plate interface per total amount [ of alxmiinxmi ] (g/m2) 
Y:plating adhesion unit area in the plating layer per plating adhesion unit area (g/m2): The plating 
coating weight per plating adhesion unit area (g/m2) is shown. 

[0036] As described above, in order to secure good spot welding nature, where aluminum incorporated 
in the plating layer was incorporated poses a problem. That is, what has the few amount of aluminum 
incorporated in the Fe-aluminum intermetalUc compound among aluminum incorporated in addition to 
the above-mentioned eta phase serves as a hot-dip zinc-coated carbon steel sheet possessing the good 
spot welding nature which does not control a Zn-Fe alloying reaction at the time of welding. 
[0037] The amount of aluminum which is contained about the description of a plating layer in addition 
to eta phase according to this invention is said formula (2). A ratio with the amount of aluminum 
contained in addition to the amount of aluminum in a Fe-aluminum intermetalUc compound and eta 
phase while it is satisfied is said formula (1). When it was the plating which is satisfied, it became clear 
that the hot-dip zinc-coated carbon steel sheet excellent in both plating adhesion and spot welding nature 
is obtained. 

[0038] Namely, the above mentioned formula (1) It is the formula (2) which the improvement effect of 
spot welding nature was not acquired, and described above when the value of {Y/(X-0.0012W)} which 
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can be set exceeded 0.90. When the value of {X-0.0012W} which can be set is less than 0.10, it 
becomes difficult to secure plating adhesion. In addition, the description of the plating layer described 
above in this invention is the following type (6). (7) It is still more desirable that it is satisfied. 
[0039] 

0.10 <=Y/(X-0.0012W) <=0.90 (6) 0.10 <=X-0.0012W <=0.50 (7) In addition, it is the 

above-mentioned formula (6). (7) It sets. X: The amount W of aluminum in the Fe-aluminum 
intermetallic compound which exists in plating / steel-plate interface per total amount [ of aluminum ] 
(g/m2) Yiplating adhesion unit area in the plating layer per plating adhesion xmit area (g/m2): The 
plating coating weight per plating adhesion unit area (g/m2) is shown. 

[0040] This is the above-mentioned formula (6). When the value of inner {Y/(X-0.0012W)} is less than 
0.10, The amount of Fe(s) which begins to melt fi-om a steel plate at the time of hot dip zincing becomes 
superfluous, and it comes to lead to a lot of generating of dross. Moreover, the above-mentioned formula 
(7) When the inner value of {X-0.0012W} exceeds 0.50, it is for the absolute magnitude of aluminum in 
a plating layer to increase too much, and for weldability to come to deteriorate. 
[0041] although it is not what can define the plating coating weight of the hot-dip zinc-coated carbon 
steel sheet of this invention according to the corrosion resistance demanded, and receives especially a 
limit - plating coating weight ~ per steel plate one side (i.e., per [ 20 ] plating adhesion unit area - 300 
g/m2) it is - things - desirable - further 20- 100 g/m2 it is - things are more desirable. When plating 
coating weight is less than two 20 g/m, corrosion resistance falls, and this is 300 g/ni2. When exceeding, 
the corrosion-resistant improvement effectiveness is saturated practically and is because it is not 
economical. 

[0042] As the manufacture approach for obtaining the hot-dip zinc-coated carbon steel sheet of this 
invention which formed the Zn-Fe alloy layer of the above mentioned high aluminum concentration, and 
regulated the amount of aluminum in a Fe-aluminum intermetallic compound, it is necessary to satisfy 
the following conditions. That is, it is in such a high condition that aluminum concentration of a plating 
bath can secure plating adhesion, and in order for a Zn-Fe alloying reaction to advance in a bath, beyond 
the temperature, i.e., bath temperature, fi-om which alloying takes place [ plating bath bath temperature ] 
must be beyond predetermined temperature first. 

[0043] As for this, the Zn-Fe alloying reaction rate of melting zinc and a steel plate is so quick that 
plating bath bath temperature is an elevated temperature, and the amount of generation of a Fe- 
aluminum intermetaUic compound is because it is so few that plating bath bath temperature is high in the 
bath of same alimiinum concentration further. However, not saying [ that what is necessary is just to 
only merely raise bath temperature fi*om a viewpoint which is ttie important main point of this invention 
of "securing aluminum concentration m the Zn-Fe alloy layer generated in a bath" ] but plating bath bath 
temperature, and aluminum concentration in a plating bath are the following formula (4). And (5) It 
needs to be satisfied. 
[0044] 

lOOONAl+300 <=Tb <=1000NAl+350 ....(4) 0.12 <=NA1 (5) - in addition - the above- 
mentioned formula (4) (5) Inside and Tb : Plating bath bath temperature (degree C) 
NAl: aluminum concentration in a plating bath (mass%) 

9|c s|e :(c :|e )(e % 

[0045] That is, it sets to the manufacture approach of this invention, and is plating bath bath 
temperature:Tb. It is necessary to carry out beyond the value of {lOOONAl+300}. This is the formula (1) 
which the amoimt of a Zn-Fe alloy layer decreased and described above while it balanced it when 
aluminum concentration in a plating bath became high, and the amount of generation of a Fe-alimiinum 
intermetallic compound increased, when bath temperature was not made high. And (2) It is because the 
hot-dip zinc-coated carbon steel sheet to satisfy cannot be manufactured. 

[0046] On the other hand, it is plating bath bath temperature:Tb. It is necessary to carry out to below the 
value of {lOOONAH-350}. This is for the problem that the amount of the iron eluted from a steel plate 
will increase if plating bath bath temperature goes up too much, and the amount of generation of the 
dross in a bath increases remarkably to arise. Moreover, in the manufacture approach of this invention, it 
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is necessary to make aluminum concentration:NAl more than 0.12mass% during a plating bath. 
[0047] This is because the amount of aluminum incorporated in addition to eta phase for maintaining the 
above mentioned good plating adhesion is not securable, when aluminum concentration :NA1 is less than 
[ 0.12mass% ] during a plating bath. In addition, aluminum concentration in a plating bath: From the 
reason for preventing weldability degradation by NAl incorporating aluminum more than an initial 
complement in a plating layer Considering as less than [ 0.5mass% ] is more desirable. 
[0048] In addition, aluminum concentration in a plating bath in this invention: It is the value which 
excepted the dross which shows the amount of aluminum (:aluminum concentration) actually dissolved 
by the bath temperature, and exists during a bath as a Fe-aluminum intermetallic compound in the zinc 
which is fusing the plating bath in NAl (mass%). Moreover, it sets to the manufacture approach of this 
invention, and plating bath bath temperature and the invasion board temperature to a plating bath are the 
following formula (3). It needs to be satisfied. 

[0049] 0 <=Te-Tb <=50 (3) -- in addition - the above-mentioned formula (3) Inside and Tb : 

Plating bath bath temperature (degree C) 

Te : invasion board temperature to a plating bath (degree C) 

[0050] That is, in the manufacture approach of this invention, it is necessary to make the difference {Te- 
Tb} of the invasion board temperature to a plating bath, and plating bath bath temperature into 0 degrees 
C or more and 50 degrees C or less. They are 30 degrees C or more and 50 degrees C or less more 
preferably. This is for the problem that the amount of generation of dross increases remarkably in the 
same reason with the bath temperature near the plate invasion section having fallen, the effectiveness of 
raising bath temperature more than constant temperature having been lost, and plating bath bath 
temperature having gone up too much, and invasion board temperature having described above when 
superfluously high when invasion board temperature was lower than bath temperature to arise. 
[0051] in addition, Fe content in [ the field of a non-alloying hot-dip zinc-coated carbon steel sheet (GI) 
in the hot-dip zinc-coated carbon steel sheet of this invention to ] a plating layer — desirable — less than 
[ 5mass% ] - it is more preferably desirable less than [ 2mass% ] and that it is less than [ lmass% ] still 
more preferably. As mentioned above, although this invention was described, in the element with which 
the hot-dip zinc-coated carbon steel sheet of this invention is chosen from Mg, Cr, Mn, Co, nickel, etc. 
which are added for the purpose of the corrosion-resistant improvement in a hot-dip zinc-coated carbon 
steel sheet into a plating layer, two or more sorts may be contained and one sort or the hot-dip zinc- 
coated carbon steel sheet which contains these elements in a plating layer is also included by the hot-dip 
zinc-coated carbon steel sheet of this invention. 

[0052] Moreover, in manufacture of a hot-dip zinc-coated carbon steel sheet, although it is the purpose 
which secures the wettability of plating and elements, such as Pb, Sb, Bi, As, Cd, and Sn, may be added 
during a plating bath, in the manufacture approach of the hot-dip zinc-coated carbon steel sheet of this 
invention, one sort chosen fi-om these elements during a melting zinc plating bath or two sorts or more 
may be contained. Moreover, especially in this invention, the steel type of a material steel plate does not 
receive a limit, either, and the mechanical property of a material steel plate, the component in steel, 
especially the manufacture approach, etc. are not restricted that what is necessary is just cold rolled sheet 
steel, hot rolled sheet steel, etc. which are used as a steel plate for automobiles. 
[0053] 

[Example] Hereafter, this invention is explained still more concretely based on an example. 
(Examples 1-17, examples 1-5 of a comparison) It was made from the super-low carbon cold rolled 
sheet steel which becomes the presentation shown in Table 1, and hot dip zincing was given on the 
plating conditions shown in Table 2 in continuation hot-dip-zincing Rhine. 

[0054] Next, it is related with the plating layer of the obtained hot-dip zinc-coated carbon steel sheet, 
and is SbC13 considering a plating layer as inhibitor. It dissolved in tiie added 5mass% hydrochloric 
acid, the solution was analyzed using inductively-coupled-plasma-atomic-emisson-spectroscopy 
equipment (ICP), and the total amoimt of aluminum in the plating layer per plating adhesion unit area, 
the total amount of Fe(s) (Fe content), and the plating coating weight per plating adhesion unit area were 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran__web_cgi_ejje 



2/17/06 



JP,2002.173754,A [DETAILED DESCRIPTION] 



Page 8 of 11 



calculated. 

[0055] Moreover, a plating steel plate is made immersed in a fuming nitric acid, a pure zinc layer and a 
Zn-Fe alloy layer are dissolved, after considering as the condition of having made only the Fe-aluminum 
intermetallic compound which exists in plating / steel plate interface remaining, a Fe-alvmiinum 
intermetallic compoimd is dissolved in a 5mass% hydrochloric acid like the above, and it is a solution. It 
analyzed by ICP and the quantum of the amount of alimiinum in the Fe-aluminum intermetallic 
compound per plating adhesion unit area was carried out. 

[0056] the plating layer obtained above in Table 1 - the measurement result of description is shown. 
Moreover, the number of continuation RBIs at the time of spot welding was investigated by the welding 
condition shown below to the obtained hot-dip zinc-coated carbon steel sheet. In addition, the current 
value from which the diameter of a nugget the welding-current value in investigation of the number of 
continuation RBIs is indicated to be by 4x (tl/2) to board-thickness:t (mm) is obtained: It is II (kA). 
And the minimum current value from which joining happens: 12 (kA) The average was used. 
[0057] (Spot welding conditions :) 

An electrode;DR mold, diameter of a tip: Outer-diameter: 16mm[ 6.0mmphi, radius-of-curvature:40mm, 
and ] phi, quality-of-the-material:Cu-Cr welding-condition; resistance-welding-time: 10 cycle, welding 
pressure: 1960Ns (200kgf) 

pressurization condition; - front [ energization ]: ~ the results of an investigation of the spot welding 

nature obtained above are shown in 30 cycle, after [ energization ]:7 cycle rise slope nothing, and 

doimce-rope-less continuation RBI speed-of-travel:one point /, and 2-second table 2. 

[0058] Furthermore, the E. L du Pont de Nemours impact test was performed on the conditions shown 

below to the obtained hot-dip zinc-coated carbon steel sheet, and plating adhesion was evaluated. 

(The plating adhesion evaluation approach :) 

Conditions of the E. 1. du Pont de Nemours impact test; 

Load: 9.8 Ns (Ikgf), **** height:100cm, the diameter of punch: 6.35mm (1/4 inch) 

After the E. L du Pont de Nemours impact test of a hot-dip zinc-coated carbon steel sheet, cellophane 

tape exfoliation was performed to heights and the score was set to 1-5 according to the amount of plating 

exfoliations. 

[0059] About the plating layer which exfoliated on the tape, the evaluation approach measures the 
fluorescence-X-rays count of the zinc per two an area of 100mm, and the number of coimts (cps) A 
score 2 and 400 or more were made [ less than 100 / a score 5, 100 or more, and less than 200 / a score 
4, 200 or more, and less than 300 ] into the score 1 for a score 3, 300 or more, and less than 400. That is, 
the amoimt of plating exfoliations increases as a thing without plating exfoliation becomes a score 1 
with a score 5. 

[0060] The evaluation result of the plating adhesion acquired above is shown in Table 2. 
(Examples 6-8 of a comparison) The approach which described above the super-low carbon cold rolled 
sheet steel which becomes the presentation shown in Table 1 about an alloying hot-dip zinc-coated 
carbon steel sheet, an electric Zn-nickel alloy-plating steel plate, and an electric Zn-Fe alloy-plating steel 
plate made from, and the same approach estimated spot welding nature and plating adhesion, 
[0061] The obtained evaluation result is shown in Table 3. As shown in Table 2 and 3, the hot-dip zinc- 
coated carbon steel sheet of this invention which specified three persons of the total amount of 
aluminum in the plating layer per plating adhesion unit area, the amount of aluminum in the Fe- 
aluminum intermetallic compound per plating adhesion unit area, and the plating coating weight per 
plating adhesion unit area fiirther has the spot welding nature which was excellent compared with the 
conventional hot-dip zinc-coated carbon steel sheet, and plating adhesion using the steel plate which 
carries out specified quantity content of B and/or the P. 

[0062] Moreover, the hot-dip zinc-coated carbon steel sheet of this invention has the outstanding plating 
adhesion to an alloying hot-dip zinc-coated carbon steel sheet, an electric Zn-nickel alloy-plating steel 
plate, and an electric Zn-Fe alloy-plating steel plate while having the outstanding spot welding nature. 
[0063] 
[Table 1] 
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[Table 3] 
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[0067] 

[Effect of the Invention] According to this invention, the problem of the spot welding nature of the hot- 
dip zinc-coated carbon steel sheet which had become a problem conventionally was solved, and it 
became possible to offer the hot-dip zinc-coated carbon steel sheet excellent in both spot welding nature 
and plating adhesion. 



[Translation done.] 
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IS 

O^Te -Tb g50 (3) 

IOOONai+300 STb glOOONAi+350 (4) 

0.12^ Nai (5> 

im^mi^j:m} 50 
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[000 1] 
[0002] 

thzbtph. mEMmmmmmniMbti:'>x\^ 
[0003] mmmMmubtchmn^m'^ # 
h. ^mbn^. m^mm-^ti^mib^m-^m^ 

b<r)^X'^'yX\^h. 

[0004] msim-otmrnxTr^', vmmsm^ 

\i. mm-ytrnm^mzixsi i±^bthmcmik 

^i^4-th i b x\ -y h m^iri&mt^mti^m 
ni^ix.xti'o. zcomzhmam-ytcomm^zm-im 

m^m'm^tix\>^?>. 

[0005] tfz. ftjgT'Jitoo l=ft^<0^]SZn«, 
AhOa »^ffl^L^!Rfg3¥10-330902-^^A^#^rt'^. IS 

mMhxrmm'pff)2nmMmbMmtmtbff)it 

Sr^Lfc^^2000- 73183 #d^fg^ri:'*<g8^§ixT^^ 

mmmmizttzmxhi, 

[0006] ttch-h. mtim^^ib^ ^mxh 

(^f^it^illigJi^-^^^tS) b. 
Zn-Fe ^]g^b^*»'o^rS^fl:^ffit3Effi«r>o&SMS 

fti±. ^(oxTii^y hmmmmmtim^^mizm 
[0007] mmm^ib-it!mi<r>x^'y vrnmibtb 

':>^m<r>^^b<r)m^l,Z'o\-^xii, «>-3#+coAiMt;^ 

Tfi-y hmm&bcm^ifi\^<':>i)>m^n.xi5'o . mm 
msiiib':>^im<Dx^'y hf&minb-o^fpoM&bm 

itti>:ibm^^tix\<^h. -n. jfi^. ts*^ia-c 
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[0008] mmm^>f>-otm^ii. -^^-fcjaasrsis^ 
^rv^7t«6i?jtax ymzhmf\X'h *) , ^mmmm 
mmmiiix(^m<m/mm^iih. Lfzt^-y 
X. ttiLho^i: Lxmrnrnt^^mmxa:'; v 
m'&<r>immmixx\^h. ^iffiis«6o#^«c7) 
xitt'/vmmii. mi\.tziio\.t. »>->%^<nMmi 

[0 0 0 9] L*»L^rA^'^>, ft^ol^jSff^cOAKT) 
Stl, Fe-Al^S 

[0 0 10] uci)^r,x. mmMii6^^imizi5\^x 
m-mmx'h^. ify-^tmit^mmni 

[00 11] 

imm^ixot-tmm] ^^wmh. mittzv^ 

[00 12] 

ltL/;^«, Timmi) . (2) , (3) Sr^ajL, 

(1) mm^if)-oter)i§^. ii«Cl~20nBSsppiii COB 
Sr»-ri.*»*;^>:<i:0.010 ~0.050i«ass %<r)P^:mi}\tt 

?>zt^zx'o^L< jigarj/SittSr i6]±$ -fr i. CI t *i-e§ 
I.. 

[0 0 13] (2) i^ot^f+^mffiffiigaJtOmo^Jl 

#/SI«l*ffi{C#?£rSFe-Al^®^{b^'t'OAl« : 
Y t y> -5 # #«»aB«i/i 0 c7)a6o # #M : W t CO 

[00 14] (3) ±SiLrzmMSi&if>':>^jmii. 

iij§?sia : Tb hxifufi-otfm^nmxmis, -.re t. 

{i, BS-l~20iassppiB iiXX//tt:iiPt:OMQ ~0. 
OSOnass %^l&-rsa!«cO^-^:< fc tfriBtC. JSUMi 
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[ 0 0 1 5 ] m2cof6BH«. mc^Jf^^K b tW- 
Etc. i^>-^^#«*{iii«S^cOcOi^o#«tfOi^i 

S^aDtC^fttl.Fe-Al^JS^b^+cOAlM : Y(g/m 

o §®^fl-ri. z b imb-timmub'^^smx' 
10 i>s. 

[00 16] Y/ (X-0.0012W) gO.90- (1) 

0.10gX-0.0012W (2) 

ttz. mSiO^Bi. B2:l~20iiiassppm HiX/Zttz 
{iP ^0.010 ~0.050mass %'t^-i-imi&<r>:if^j:<b{> 

mmiz^t^&F6-M^mmL^'p<^MM. Y(g/» 

[00 1 7] Y/ {X-0.0012W) ^0.90- (1) 

0.10SX-0.0012W (2) 

cOfSA^iS : Te (X:) HiH/Hb-y^m'^Mm^: Nai 

(kiss%) *«na^(3) ~(5) c7)v^-ms:t>)iij£-r?.^ 
30 i!iiSi»a6o#«««^ji:^-ej)5. 

[0018] 

O^Te -Tb ^50- (3) 

IOOONai+300 ^Tb gl000N*i+350 (4) 

0.12gN«i (5) 

ttl. m5(7)^M. B^l~20massppiii HirZ/ttz 
{iPSrO.OlO ~0.050mass %**-ri.i!«$:^Mffi«8*^ 
•o^iSfcjtii^. m±ifXib^^^m^mS^if>':> 
^iWgc^Jt^&fcfcV^T, Tb 
CO . i6o^i§^cr)<iA«lB: Te (t:) fciW-? 
40 l=?S+AiaS: Nai (iibss%) i^TsS^O) ~(5) <0l^ 

■ffi^ iim^t^mTx-mmmmm-y # ?:ifit 

i: imLbi-i>msiSi^r>^imff)mttjmx'ii 
h. 

[00 19] 

OSTe -Tb ^50- (3) 

IOOONai+300 STb ^1000Nai+350 (4) 

0.12gNAi (5) 

[0020] 

\.mmmmm\ immi^^\zmm<zw9i 
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[0021] t^j:hio. mMm^iibr>^mR<7):^^-y b 

[0022] ±iimmi. mz0:mmx^i:mmti 
f::i^^z^$titzmi^mmmimt i-mw^m 
-ymmicmtcmti. ±ib. -mmmrnvm 
izmmt^ ts.htihmmi. mttn^<r>mifmzm 
^ii^tzmm9rmx'hhmifix >)'j'^^j:^^ztiz 

iz^j:hh(r>b^l(>ix^. 

[0023] *^04-C'lia«!lTAtt5r^Mb$-ti:l.±iB31 

mmmthtzi^<^i}miZ'o\,^xwmpiucbzb. 20 

<! t tm^n Lfz , -r^i?*) , m^'^ 1 ~20massppm (0 B 
tJ<J:tf/*it{iO.O10 ~0.050iiiass %OP*'^*$-li-|. 

^ b t.zxmw^mmmzmi'thwmA'&.m.Tif 

±-r t im h MZ^j:r> . -^^S -e S B *n masspp 
mzTmz^j:li3-t:>X'h?>> tti. -t^^-tlPMM 30 

omass %mxiimmmiscmmifiT-+^x'ibi>i}^ 

^X'h*). */v:0.050mass %®T-{ii[S!)«*<«fifttS<0 

[ 0 0 2 4 ] ^fe, 3Rtf«l«i: IXlis mBtiXt// 

ttdiPliZmi. C : 0.0010--O.0050i»ass%, Si : 0.00 
5 ~0.050iass Hn : O.OlM.Omass Al : 0.02~ 
0.05mbs%. Ti : 0.0001~0.10iibss%, Nb : 0.0001-0. 
05iiiass%5-#*L. mif^tiXV^mmmiJ-^lo^j: 

hhcomtu\ ■t(7)m^iiaT<r)bmxhi>, 40 

C :0.0010M).0050niass% 

^mM&ii^lz i b Lfz i>c0X'h 

C««40.0050mass%UlTtC-fSC:i:*^»*H'\ 
TWiiSS!)*t3Xht<0KSt^$til.*«, 0.0010 
wssXVXtbtl Z bmt 
( 0 0 2 5 ] Si : 0.005 -O.OSOmass % 

sui.o.mmssxirmiibtb'otm^itthm'!^ 50 
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*«J>0, O.OSOmass XHXTbtlZbtfimi^^ t 
fc, ™Ji^*fc3Xht<7)e8<^t^$fll.*^ 0. 
005 iBass%a±b-tlZbmt 
Mn : 0.01~1. Omass % 

Mi. rffic7)ffiTtB:fett«^ffi^>^>l-0 mass%JaTfc 

thLbmtu\ ttz. rmami^b^^hbco 
mt^^timf. o.oiaass%j;uLbtii:.tmt 

[ 0 0 2 6 ] Al : 0.02M).05iiiass% 

fmt'mmbtxo.Q2mss%&±comiutf^ntL\i\ t 

Jt, f^t^hbif^^ifim}Sltt?>i^tf>0.(35Mass%aTb 
thZbifint U\ 
Ti :0.0001~0.10iiiass% 

r\\m^<r)^mx'hhiim bLxw^^^h-ttit> 

i,ZQ.m\mss%mMMthZbtimtL\.^. tfz. ^ 
ttfhbTiC ■f}imx.MXmi'^it^^?><OX\ O.lOmass 
%WFbi-hZbmtl^\ 
[ 0 0 2 7 ] Nb : 0.0001~0.05niass% 

NWiNbc bLx»M'i>izfm^^mmmtitii^bc 

t:mM^-tlfzMzQ.0QQlmss%i;Xtm\SthZbifi1S- 

tL\>\ tti, mab-rt'hbmmtmbbxrmi 

ffiT$-*57tJ6. 0.05mss%\^J.Tbi-?>Zbifintl 

\\ s^>{c*^^-c«. mmmi}mtx'h-:>xi,tb'o 
^m<omm^j:tiiimnmmi<mKcizbi}t 

m^izmmmzmnnKu *>mti.i:t>^3SiR<i. 
mmM^'¥coMmmiim\i^i3.}^miz^ti>zbim 

mLx\^hk\<r>mm:tm-h, 

[ 0 0 2 8 J aifc. iM(r)xirs^v vwmizmhm^ 

/mwimz^^ixt?^k\ ±wm±^mi<z^m 

OAlJ|35*|3|t«>-5§T'*-5TtFe-Al ^lllgl'fl:'^*** 

s. 

[0029] -^r. Fe-Al^Jgra'ft;^<?)4^7&*^^=5: 

S-ff-j/i^m. Fe-Al^iS[a<b^!|*i04Jj!t«3!)«^«Wt 
i^=5r<Tt, i^>o§jB+C]R'9a**t&Alfi*<^»ttUJ 

[00301 Hit:, mms&v^'i^^m&m»>'> 
mmmmwmm^zi.'>X7^-t, tea. muza 

\.^XUiib'>tm. 2l±Fe-Al^JS®^b^ ( :Fe-Al 



2/16/06, EAST Version: 2.0.3.0 



(5 

7 

mm . smwrnsiib^^ms.. eme-in^f^t 

:Fe-Zn-&^fl) Sr^-f. 

[ 0 0 3 1 ] ji^. j§iisisy)-9 ^ (cfcu-cmiiSi^ 

(i^5i:^fc'3t^Tli:1', 11(a) tcs^tioic. tf)o§Jl 
«>o#/iH«C#fflK4lS-r«.Fe-Al^JISia{b^ 
( :Fe-Al-g^®) 2i:M}l(^ffl) 30{5«J2ii*^ 

^fefttfcV^r(i. SfAl{iKmo§tSTft-5Tt). Zn- 10 

[ 0 0 3 2 ] ±ia Ucib-oM^'^X'ffiZn-Fe-^^itRJB 

[0033] L*> . ^-^ &?S+Aliig*^+^J-a 20 
V^ftcOi^. 4^)^^}S4'T4flg1-SZn-Fe-^«fi:+ 

Wg^L^lffiJS^c^AlilUKS-i^^iirSFe-Al^Sia 

[00341 *3iHg«i. imj^t^t'^^^Lfzmm 
\,zMk^%. xif^'yvm'm.iii.^^'>%^m^<rmM^z so 

[ 0 0 3 5 ] Y/ ( X-0.0012W) SO. 90 (1) 

0.10gX-0.0012W (2) 

=5rtJ. iieSd) . (2) tciiV^-C. 

X : «)-5#f+«»taBiai;t o<^j^o#jB+<oi^ift(« 

/tf) 40 
*tSFe-Al^SS^b^*<^Al*(«/iii2) 

[00361 HfflBL^tJ: dt=, a»=5::^!J^-y h}^tti& 
«l«1-|.3ti6Wi:, i^-^I^Jl+tKOa^^T/cAlAit'C 

Whfc]R'5ai;<i^:Al<0d^, Fe-Al^JSBWl:^ft4' 

IwK 0 fL/cAl ftit^i-^^SrV ^ i) CT)*^ JgJg^lCZn- Fe^ 
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[0037] i?mAzi.ii\i. tfintmmmizm. 
X. nmx^^z^-^'^ixhkx^miAd) s-sifi-rs 

tMz. Fe-Ai^Sra-fb^4'<7)Ai«fc 77ffltjl3'K;:^W 
S^i&Al»fcc7)ifc**H>riB^(l) ^)S£-ri.J:o^ri^o§ 

[00 38] ■r^:i)^>, ijieu^sca) t^^Jt^ {y/ 
(X-0.0012W) ) (nmn.'^^m.h^M. xifs^, 

tfcits {X-0.0012W) «oji*^o.io*?t<oJi-^{i, 46 

ICtJV^Ttt, fliIieLfetool=lcOtt«*<Tie5?(6) . 
(7) i:m&-riZbi}(^tyizmL\>\ 
[0039] 

O.IOSY/ (X-0.0012W) so. 90 (6) 

0.10SX-0.0012WS0.50 (7) 

^ris. ±fa^(6) , (7) tfcv^T, 

X : i^)-5^ft«#fifflaS/cOfiOy)-5§l*(^|gAl«(g 

/a^ 

tttSFe- Al^]Sfa^t;^'t'C0Al»(g/iii2 ) 

[0040] ZtLii. ±iet^^^(6) *C7){Y/(X- 
0.0012W) } c7)ffl*{0.10*>l<OJl-&, ?§HSfS46-5#^ 

{X-0.0012W) aMm.50imth^. ib-o^M'^ 

[0041] *i&Hjc7)^iffig}4^)-, ^ia«co46o##Ji 
mt. m^^ixm^mzn'iX^ibh:.tifX'% . m 

frSa^c 0 , ■r=5ri5*> , 46-5 ^ #«»fi[ffi«S>^c ')2(K 
300g/m2 T&SClt**^^ L<, § <i>K«i20~100g/in2 
•CftSClfcA^iOif^ LV^. ::it«, 46-5l=#«Jl3!|i20 
g/iD2*j1|iOi©^. B:6tt*<ffiTL, 300g/ni2 

B:fett|6jJ:^*<llffl±^LMafl<lT'^:l.>Jttot:- 

[0042] line t^«AliftK<7)Zn-Fe^flS:Jg« 
t, *»OFe-Al^iaiS^k^cj3<^Al*$-^JL^*|gHJ 

S-C*»OZn-Fe^^tRm*5>8+t'jifftl./>:J6fcJi, 

5t-r. 46o|if&?§ia*«^'fb**^c:i.ffiSW±. t^xh 

[0043] ClWl. ^IffllSffit aeCtOZn-Fe^^b 
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(5) ^)l^tl>'i^s*<^>4. 

100441 

1000N«i+300 ^Tb ^1000Nai+350 (4) 10 

0.12gNAi (5) 

=5:*}. ±Mm4) . (5) 

Tb :i6^#jS}Sffl (X:) 

Nai : fto^JS+AiaS (mss^) 

[0045] ^^r:b*>. *%BBiOS![ii^St-i5^^T(±, 
«>-5$?§j§a: Tb.Sr {IOOONai+300 } (^mLtiZt 

iiUmiphi. ztm. *^o^j§+Ai«]g*^s<^^ 

k. -eWcl.-^-5-C?8ffl*S<U^V^i:Fe-Al^igra^b 
10 04 61 -:fir. ibo^jSrSia: Tb J± {1000Nai + 

350 } (omiTizth'mufhi. zilii, ib-i^mm 

«>-:)|=}S+Ali8S: Nftli&0.lanass%J^U:i:■rS^^^ 
[0047] ZiHi. »-:>#?S4'Aim : NAi*<0.12iiia 30 

ma.a±.cr>M^:mi2.tszbizxmm^itm<' 

[ 0 0 4 8 1 ^iJ. *l6BB(cfc(tSi6-5 g'iSI'Alffia : 
Nai (iiiass%) fcJi. S^-st'mw^iML'rv^l.SIS+tC 

mSStC^OJSiST-jiMLTV^SAl* ( : AliUS) 

L. Fe-Al^SS^t;^%i:L•C?§4'{^»^LTV^^h'D 40 

fS^(3) m&thmiiihh, 

[00491 O^Te -Tb ^50 (3) 

^rtJ. i5^(3) 

Tb ri^Jo^JSiSiS (°C) 

Te : ib^^m^<D^WiU {-Q) 

[00501 i^j:h-h. :^ftm<om[)3m^Zti\.^X^i. 
«>o$}S^<0f§A«iiafc«^>-5&}§j&iai:«^ {Te -T 50 
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b } iOV&±. 50-CttTJ:-ri.'iJ^*«*)S. x*)m 

L<imc&±. 50'cfiiTTS»6. ::iiJ4> mxum^ 

[ 0 0 5 1 ] ^fc, :^mcDmmm^if)'ymmii. 4^ 
■^mmsi&i^'otwm. (gd t^^^mij^h. i^>-5# 

eWe^r****. »tt<tt5iiiass%iaT. J: 0»t 

L < «4 2 mass%OT. $ <^ tCff t L < {4 1 iiiass%lilT-C 

SMg. Cr, Mn, CofcitXNi^rfc'Ax^StmSTCSS: 18 

[0 0 5 2] tfc. mmm&tb'o ^mmcommizh^^x 

b. Sb. Bi. As. (jii3i:lfSn^i:(r)yiMim[tti>m^ 
tlSlSii^{42«Jaj:«-if*LTtJ:V>. tfe. *^ 

mi,zii\,^xi,m^m^(r>mitmzumt:^mij(r>x' 
{4^<. e»mi««i:Lr«ffl^tiTv^i,j^sjas. 

[00531 

(^siw 1 ~i7, mm 1-5)^1 {c^-f ffl^fc^s 
mmmMm-o^y^ yxims^if>^ # Srstu^c. 

[00 54] ^i?>tU:^ffi«i«)o^«BtR<?M6-> 
l^ltrat-C, -Ohf^-t LTSbCh 

i:maLt:5mss%^mizmmt. mfmi:mm-^r 
^x-^m^mvms dcp > m^^xmt. 

[00 5 51 ^fc, i^o^iaffiSrimstcaja^-ti-. 
w.z^=^hf&-f^\±^At^<r>?^^'m-'^^tz^ 

b\^ti^. Fe-Al^JS^^i&±Si:HaiK5mass% 

fflaSit '9<^Fe-Al^S®ft^<1»<7)Alft5:^Lfc. 
[ 0 0 5 6 1 ^ 1 fc:, ±iETt#*>*lfey>o # Stt^^t^SI 

tfz. ''^h*ifmimss>h'>%m}.zn 
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[0 0 57] (X,-K-yh?§«^ft: > 

; DRS, 5fe4SS : 6.0iiim«. fl*^ : 40iiiiii, {'h 
@: lemin^. $1® : Cu-Cr 

^^ft : aHl^fll : 101^^ i^/l'. JDffi* : 1960N (20 
Okgf) 

AD^fr ; mm : 3o-9->f mmk 

•t. 

[ 0 0 5 8 ] § '^IC, ^l^.il^>§il5ISa6o 

(i6oJ?g«ttSfilii:^: ) 

: 9.8N (Ikgf ) , : 100cm , : 

6.35«D (1/4 inch). 

T-feOv'Nyr-T-liJlSiSrffv^i^r) I^MUMtcjStTIF^ 

[0059] nmnmi. r-ricj: 0«L;ti6o^ 
ItoV^T, fflSl00ini2S>fv:0<^«S<7)l^3exji;*'>y 
Y^m^LX^^yV^ (CPS ) *i 100*}15rfFA5, 
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1 2 

lOOfiLh, 200*)1l$rfFii4, 200tUi. 300*}5l2:fp 
;S3. SOOULh. mmmM,2. 400J.XhS-ff;Stl 

[ 0 0 6 0 ] *2tc. ±m:%t:>ixn:ii^'>^m^<m 

«?^3^«i:L:rc^^'ft:^iliffi*Si6o#i?Sc. m^Zn-Ni 

[0 0 6 1 ] ^3tc. n^ixtzmm^^iTfit, ^2t> 

Ai ^jg^b-^+iOAi «fc J: tf i6 -0 # #«#(a8ii«i/c 

20 [ 0 0 6 2 ] i Jt . *^BBc7))iiiiffiiStf>-:> % mmi. ft 

'>%mi^. «mZn-Ni^^J6-o#iHfl?fcJ:t/f«mZn-Fe 
S. 

[0063] 

[^n 
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<aoooi 




0.0020 


0.009 


a 10 


a 008 


a 029 


a 036 


a 021 


<a 0001 




a 0016 


0.011 


an 


a 009 


a 033 


a 033 


a 007 


<aDooi 




0.0021 


aois 


a 13 


a 006 


a 029 


a 031 


a 008 


<aoooi 
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: Tb 


: Te 


Te -Tb 


1000Na.+300 


1000NAi-h350 


JtmV} 1 




0. 155 


470 


490 


20 


456 


505 






0. 135 


460 


480 


20 


486 


485 






0. 170 


480 


495 


15 


470 


620 


^JBV« 4 




0. 148 


455 


480 


25 


448 


498 


^ffSlv^ 5 




0. 150 


465 


490 


25 


450 


600 




iiim*3CAft»fc - -to. 


0. 155 


475 


480 


5 


455 


605 




mmSLmtO o ft 


0. 180 


490 


600 


10 


480 


530 






0. 200 


505 


610 


5 


500 


550 






0. 166 


480 


485 


c 

0 


ARt. 
4Dd 


515 






0. 160 


486 


490 


6 


460 


510 






0.185 


490 


495 


5 


485 


606 






0.150 


470 


480 


10 


450 


500 






0.145 


460 


470 


10 


445 


495 






0.16E 


470 


465 


-5 


455 


505 






0. 105 


460 


480 


20 


421 


471 






0.110 


455 


445 


-10 


420 


470 






0.155 


470 


490 


20 


465 


605 






0. 116 


470 


486 


15 


415 


465 






0.110 


460 


475 


15 


410 


460 


lt«M3 




0.168 


475 


480 


5 


468 


518 


lttt«4 




0.178 


485 


490 


5 


478 


528 


JtttMS 




0.168 


480 


500 


20 


468 


518 
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mm 

: W • 

Cg/lD') 


: X • 

(«/□') 


Fe-Al &J8nQ<b^4to^ 
^AIM : Y • 


X-0.0012W 


Y/ (X-0.0012W) 


(fi) 




75 


0. 34 


0. IS 


0. 25 


0. 76 


4000 


5 




80 


0.21 


0.09 


0.11 


0.79 


3900 


5 


MA 3 


50 


0.29 


0.15 


0.23 


0. 65 


4200 


5 




70 


0.23 


0. 08 


0.15 


0. 66 


4600 


6 




65 


0.21 


0.10 


0.13 


0. 76 


4100 


6 


mm 


70 


0.26 


0.13 


0.18 


0.74 


4300 


5 


MM 7 


90 


0.40 


0. 26 


0. 29 


0.89 


3800 


5 


mm 


60 


0.45 


0.33 


0. 38 


0.87 


4400 


5 




76 


0. 29 


0.12 


0.20 


0.60 


4800 


5 


MfllO 


40 


0. 26 


0.14 


0.21 


0.66 


4600 


6 


Mflii 


75 


0.36 


0.11 


0. 27 


0.41 


5000 


5 


mmmit 


100 


0. 29 


0.13 


0. 17 


0. 76 


4000 


5 


MM13 


70 


0.21 


0.04 


0.13 


0.32 


4700 


5 




76 


0.34 


0.25 


0. 25 


1.00 


3000 


5 




80 


0.18 


0,07 


0.08 


0.83 


3300 


3 


MM16 


70 


0.17 


0.09 


0.09 


1.05 


3100 


4 




75 


0.34 


0.19 


0.26 


0. 76 


3200 


5 




60 


0.10 


0. 02 


0.03 


0-71 


4300 


2 




80 


0.12 


0.01 


0.02 


0.42 


1400 


1 




70 


0.28 


0.18 


0.20 


0.92 


1600 


5 




85 


0.35 


0.24 


0. 25 


0.97 


1800 


5 




60 


0. 29 


0.20 


0.22 


0.92 


1400 


5 
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(O) 






60 


4400 


3 






30 


4300 


4 






SO 


3900 


3 
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1 

2 
3 
4 
5 
6 



Fe-Al^ig^b-^fe ( : Fe-Al-^^«) 
Fe-Zn^^b-^lftj ( : Fe-Zn^Jf) 



[01] 
(a) 



^4 




(51) Int. Cl. 7 

// C22C 38/14 



F I 

C2 2C 38/14 



f-73-K (##) 



^mfm^m.)\\mm^ mm. 

F^'-A(##) 4K027 AA02 AA05 AA23 AB07 AB13 
AB35 AC13 AE02 AE03 AE12 
AE23 
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